ABSTRACT. The study of genes associated with host defense mechanisms, such as the A2M gene, plays a critical role in preventing diseases that reduce milk yield and its constituents. The aim of this study was to identify polymorphisms in the A2M gene in Murrah buffaloes (Bubalus bubalis), and investigate their associations with milk yield, fat and protein production, fat and protein percentages, and somatic cell count. Hair follicle samples of 136 animals were collected for DNA extraction, and polymorphisms were identified by polymerase chain reactions and sequencing. Statistical analyses were performed to ascertain the allelic and genotypic frequencies, the Hardy-Weinberg equilibrium, and association analysis was conducted between the polymorphisms and the traits studied. Comparative analysis between buffalo and bovine sequences revealed seven nucleotide substitutions. Alignments among the buffalo sequences identified three single nucleotide polymorphisms (SNPs), including one in exon 29, g.241A>G, which was used in subsequent statistical analyses. A Hardy-Weinberg test indicated that this SNP was in equilibrium in this population, and was significantly associated (P < 0.05) with fat production and fat and protein percentages. Therefore, this SNP can be used as a molecular marker for these traits.
INTRODUCTION
Brazilian buffalo livestock is mainly produced for milk yield, which has a high financial return for farmers because milk has a high percentage of total solids that provide a high yield of derivatives (Tonhati et al., 2008) . Dairy animals with large production capacities and superior constituent qualities have been selected for breeding programs that use molecular genetics to identify the genes responsible for phenotypic variation. Several candidate genes associated with buffalo milk components are described in the literature, such as casein alpha s1, s2 alpha, beta and kappa casein (Otaviano et al., 2005; Riaz et al., 2008) , leptin and melatonin (Zetouni et al., 2013 (Zetouni et al., , 2014 , ghrelin , and osteopontin (Rolim Filho et al., 2013) .
The study of genes associated with host defense mechanisms plays a critical role in preventing diseases that reduce milk yield and its constituents, such as DRB3 (Kumar et al., 2011) , tumor necrosis factor alpha (TNF-α), and interleukin-1b (IL-1b) (Lahouassa et al., 2007) . Another gene, A2M (alpha-2-macroglobulin), has been investigated in several animals, including the rat (Enghild et al., 1989) , carp (Onara et al., 2008) , and shrimp (Ma et al., 2010) . The A2M protein is found in blood plasma globulin fraction, and acts as an inhibitor of non-specific proteases (Enghild et al., 1989) . In addition, it plays important roles in host immunity, particularly in animals with an inflammatory process such as mastitis, as described by Wang et al. (2012) . These authors identified one polymorphism in the A2M gene that is associated with low somatic cell counts (SCCs) and resistance to mastitis in dairy cattle (Wang et al., 2012) .
Polymorphisms in A2M
have not yet been identified in the buffalo. Understanding the associations between A2M and production traits would provide relevant information on allelic and genotypic variability, and supply important molecular markers for the genetic improvement of buffalo herds. Therefore, the aims of the current study were to identify polymorphisms related to A2M in Murrah buffaloes (Bubalus bubalis) and investigate their associations with milk yield, fat and protein production and percentages, and SCCs.
MATERIAL AND METHODS

Farm and animals
The Murrah buffaloes used in this study belonged to the Tapuio Farm, Taipu, Rio Grande do Norte, Brazil. The grazing system used was the Voisin Rational Grazing System. The herd has approximately 1000 head of cattle, 468 of which are dams, with a production of around 3500 L/ day. The farm implements the dairy buffalo milk-recording program maintained by Department of Animal Science, Universidade Estadual Paulista, Brazil. Milk recording and sampling were performed periodically to determine fat and protein content and SCC, as was the collection of biological material for DNA extraction.
Biological material collection and polymerase chain reactions (PCRs)
Hair follicle samples from 136 Murrah buffaloes were collected and stored at 4°C until DNA extraction. DNA was extracted by the phenol-chloroform-isoamyl alcohol method described by Sambrook et al. (1989) .
The primers used to amplify exon 29 of A2M were designed based on the A2M sequence of the Bos taurus UMD_3.1 reference assembly (GenBank accession No. AC_000162.1, 101, 274, 346, 613) . The primers were designed using the Primer3Plus program (Untergasser et al., 2007) , and their quality was verified using the OligoAnalyzer 3.1 tool (http://www.idtdna.com/calc/analyzer).
The genomic DNA samples were amplified by PCR in a final volume reaction of 15 µL, which contained 70 ng genomic DNA, 15 pM of each primer, and 7.5 µL GoTaq ® Colorless Master Mix (Promega, Madison, WI, USA). The appropriate annealing temperature was selected for a PCR performed in a T100
TM ThermalCycler (Bio-Rad, Hercules, CA, USA) with thermal gradient software. The PCR conditions were as follows: initial denaturation at 95°C for 5 min, followed by 30 cycles at 95°C for 1 min (denaturation), 61.8°C for 1 min (annealing), extension at 72°C for 1 min, and a final extension at 72°C for 5 min.
After amplification, 2 µL PCR products were electrophoresed on 1.5% agarose gels stained with GelRed TM (Biotium, Hayward, CA, USA) in 1X TBE buffer at 90 V for 50 min. The PCR products were visualized in ultraviolet light, photographed using Gel-Doc TM apparatus (BioRad), and analyzed with the Image Analysis software (Kodak ® ) in order to confirm that the desired fragment was successfully amplified.
Sequencing
The PCR products were purified using Wizard ® SV Gel and PCR Clean-Up System Kit (Promega) following the manufacturer recommendations. The samples were sequenced with both forward and reverse primers using an ABI PRISM ® BigDye ® Terminator v3.0 Cycle Sequencing Ready Reaction Kit (Applied Biosystems) in an ABI 3730xl Automatic Sequencer (Applied Biosystems). For polymorphism identification, DNA sequences obtained from A2M were analyzed by the Codon CodeAligner program (http://www.codoncode.com/aligner/download.htm).
Allelic and genotypic frequencies
Allelic frequencies of the genotyped single nucleotide polymorphism (SNP) were calculated by simple allele counting (Falconer and Mackay, 1996) using PROC FREQ in SAS (SAS 9.2, SAS Institute, Cary, NC, USA). Possible deviations from the genotypic and allelic frequencies were tested using the chi-square test, in order to verify that the genotyped population was in HardyWeinberg equilibrium.
Association analysis
Relationships between the SNP and milk, fat, and protein production, fat and protein percentages, and SCC were investigated using the following model:
where Y ijkl is the milk yield, fat and protein percentages of milk at 305 days, and SCC; µ is the constant inherent to all observations; CG i is the fixed effect of contemporary group; S j is the random effect of sire, with mean 0 and variance
is the fixed effect of genotype for SNP; β l is the regression coefficient of trait Y ijkl in relation to the age of the cow at measurement; β 2 is the quadratic regression coefficient of trait Y ijkl in relation to the age of the cow at measurement; I ijkl is the age of the cow at measurement; I is the average age of the cows at measurement; and e ijkl is the residual random effect associated with trait with mean 0 and variance 2 e σ . The contemporary group was a concatenation of year and season of calving. Analysis of variance was performed using the PROC MIXED procedure in SAS. The SCC was transformed to a logarithmic scale (SCCt) using the function described by Dabdoub and Shook (1984) :
The means for milk yield, fat and protein production, fat and protein percentages, and SCC for the different genotypes were compared by Tukey's test (P < 0.05). After performing association analysis between the polymorphisms and production traits and milk quality, the significant SNPs had their additive effects and dominance deviations tested. For this analysis, the PROC GLM procedure by orthogonal contrasts was performed in SAS.
RESULTS
PCR and sequencing
The size of the sequenced PCR product was 303 bp, and contained part of intron 28, exon 29, and part of intron 29. Comparative analysis between the buffalo sequence and its bovine counterpart identified seven nucleotide substitutions; two synonymous in intron 28 and five in exon 29 (two synonymous and three nonsynonymous), as described in Table 1 . These substitutions were identified in all of the buffalo DNA sequences.
(Equation 2)
*Nucleotide substitution results in a change in the translated amino acid. Three SNPs were identified in the buffalo A2M sequence (Table 2) , one in intron 28 (g.38C>T), one in exon 29 (g.241A>G), and one in intron 29 (g.276G>A). SNP g.241A>G results in the change observed in the codon, where the first nucleotide is cytosine (C) and the second nucleotide could be adenine (A) or guanine (G), modifying the translated amino acid from histidine (CAT) to arginine (CGT). The obtained sequence, with substitutions and polymorphisms, was deposited on GenBank database under accession No. KF928932. 
Allelic and genotypic frequencies
We only conducted statistical analysis on the SNP identified in exon 29 (g.241A>G). The frequencies of the A and G alleles were 0.75 and 0.25, respectively, and the observed genotype frequencies were AA = 0.56, AG = 12.39, and GG = 0.05. The values for the expected genotype frequencies were AA = 0.57, AG = 12.37, and GG = 0.06. The frequencies observed were in equilibrium with the expected frequencies, according to the Hardy-Weinberg test, which was conducted using a chi-square test (P < 0.05), which meant that there was no indicative selection for this SNP in this population.
Association analysis
We identified associations between SNP g.241A>G and fat production (P < 0.01), fat percentage (P < 0.01), and protein percentage (P < 0.05) ( Table 3 ). The GG genotype had the highest means for the fat production and percentage traits, statistically significantly differing from the other two genotypes in both cases. The three genotypes had similar phenotypic mean values for protein percentage, with homozygous genotypes differing from each other. Table 3 . Phenotypic means of the allelic substitution in SNP g.241A>C for milk yield (MY), fat production (FP), protein production (PP), fat percentage (%F), protein percentage (%P), and somatic cell count (SCC). Values within columns with different superscripts differed significantly at **P < 0.01 or *P < 0.05.
DISCUSSION
The aim of the current study was to identify polymorphisms in A2M in dairy buffaloes, as well as to investigate associations with milk production, quality, and SCC. Investigating SCC in dairy cattle, Wang et al. (2012) reported that animals with low SCCs and high resistance to mastitis had the "A" allele in SNP c.3535A>T. In our study, all of the buffaloes had this "A" allele in the same position as described by those authors, but in homozygosity (AA). We suggest that the "A" allele is fixed in this buffalo population, thus contributing to an increased resistance to mastitis.
Our results indicate that SNP g.241A>G is associated with fat production and percentage, as well as protein percentage, in buffalo milk. For fat production and percentage, the GG genotype had the highest phenotypic means, whereas for protein percentage, the AA genotype had the highest means, which significantly statistically differed from the GG genotype. Therefore, we identified a new molecular marker (g.241A>G) for the traits described above.
Another important finding was that SNP g.241A>G changes the codon from CAT to CGT. The first codon is translated in histidine amino acid, which plays an antioxidant role in biological functions (Rowley and Halliwell, 1983) and limits protein synthesis in milk (Huhtanen et al., 2002) . The second is translated in arginine, a precursor in the synthesis of molecules that regulate essential metabolic pathways for health, growth, development, reproduction, and homeostasis (Wu et al., 2007) . The changing of this amino acid can influence the biological role of the protein; however, functional studies are needed to investigate the effects of this amino acid substitution.
This is the first description of an A2M polymorphism in the buffalo, as well as associations between the SNP and different production traits. SNP g.241A>G was significantly associated (P < 0.05) with fat production and fat and protein percentage, and could be used as a molecular marker for these traits.
